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The completion of DNA synthesis in yeast is monitored by a checkpoint that 
requires MEC1 and RAD53. Here we show that deletion of the Saccharomyces 
cerevisiae Gl cyclins CLN1 and CLN2 suppressed the essential 
requirement for MEC1 function. Wild-type levels of CLN1 and CLN2, or 
overexpression of CLN1, CLN2 , or CLB5, but not CLN3, killed mecl strains. 
We identified RNR1, which encodes a subunit of ribonucleotide 
reductase, as a high-copy suppressor of the lethality of mecl GAL1-CLN1. 
Northern analysis demonstrated that RNR1 expression is reduced 
by CLN1 or CLN2 overexpression. Because limiting RNR1 

expression would be expected to decrease dNTP pools, CLN1 and CLN2 may 
cause lethality in mecl strains by causing initiation of DNA replication 
with inadequate dNTPs . In contrast to mecl mutants, MEC1 strains with low 
dNTPs would be able to delay S phase and thereby remain viable. We 
propose that the essential function for MEC1 may be the same as its 
checkpoint function during hydroxyurea treatment, namely, to slow S phase 
when nucleotides are limiting. In a clnl cln2 background, a prolonged 
period of expression of genes turned on at the Gl-S border, such as 
RNR1, has been observed. Thus deletion of CLN1 and CLN2 could 
function similarly to overexpression of RNR1 in suppressing mecl 
lethality. 



L38 ANSWER 3 OF 29 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



MEDLINE on STN 
1998448097 MEDLINE 
PubMed ID: 9774971 

A suppressor of two essential checkpoint genes identifies a 
novel protein that negatively affects dNTP pools. 
Zhao X; Muller E G; Rothstein R 

Department of Genetics and Development, Columbia 
University, College of Physicians and Surgeons, New York, 
New York 10032-2704, USA. 
GM50237 (NIGMS) 

Molecular cell, (1998 Sep) 2 (3) 329-40. 
Journal code: 9802571. ISSN: 1097-2765. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199811 

Entered STN: 19990106 
Last Updated on STN: 20030304 
Entered Medline: 19981102 
In Saccharomyces cerevisiae, MEC1 and RAD53 are essential for 
cell growth and checkpoint function. Their essential role in growth can 
be bypassed by deletion of a novel gene, SML1, which functions 
after several genes whose overexpression also suppresses mecl inviability. 
In addition, smll affects various cellular processes analogous to 
overproducing the large subunit of ribonucleotide reductase, RNR1 
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These include effects on mitochondrial biogenesis, on the DNA damage 
response, and on cell growth. Consistent with these observations, the 
levels of dNTP pools in smll delta strains are increased compared to 
wild-type. This effect is not due to an increase in RNR transcription. 
Finally, both in vivo and in vitro experiments show that Smll binds to 
Rnrl . We propose that Smll inhibits dNTP synthesis 
posttranslat ionally by binding directly to Rnrl and that Mecl 
and Rad53 are required to relieve this inhibition. 
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Ribonucleotide reductases catalyze the formation of deoxyr ibonucleotides 
by the reduction of the corresponding ribonucleotides. Eukaryotic 
ribonucleotide reductases are alpha2beta2 tetramers; each of the larger, 
alpha subunits possesses binding sites for substrate and allosteric 
effectors, and each of the smaller, beta subunits contains a binuclear 
iron complex. The iron complex interacts with a specific tyrosine residu 
to form a tyrosyl free radical which is essential for activity. Previous 
work has identified two genes in the yeast Saccharomyces 
cerevisiae, RNR1 and RNR3, that encode alpha subunits 
and one gene, RNR2, that encodes a beta subunit. Here we report 
the identification of a second gene from this yeast, RNR4, that 
encodes a protein with significant similarity to the beta-subunit 
proteins. The phenotype of rnr4 mutants is consistent with that expected 
for a defect in ribonucleotide reductase; rnr4 mutants are supersensitive 
to the ribonucleotide reductase inhibitor hydroxyurea and display an 
S-phase arrest at their restrictive temperature. rnr4 mutant extracts are 
deficient in ribonucleotide reductase activity, and this deficiency can b 
remedied by the addition of exogenous Rnr4p. As is the case for the othe 
RNR genes, RNR4 is induced by agents that damage DNA. However, Rnr4p 
lacks a number of sequence elements thought to be essential for 
iron binding, and mutation of the critical tyrosine residue does not 
affect Rnr4p function. These results suggest that Rnr4p is catalyt ically 
inactive but, nonetheless, does play a role in the ribonucleotide 
reductase complex . 
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AB Ribonucleotide reductase (RNR) , which catalyzes the rate-limiting step for 
deoxyribonucleotide production required for DNA synthesis, is an 
alpha2beta2 tetramer consisting of two large and two small subunits. RNR2 
encodes a small subunit and is essential for mitotic viability in 
Saccharomyces cerevisiae. We have cloned a second essential 
gene encoding a homologous small subunit, RNR4 . RNR4 and RNR2 
appear to have nonoverlapping functions and cannot substitute for each 
other even when overproduced. The lethality of RNR4 deletion mutations 
can be suppressed by overexpression of RNR1 and RNR3, two genes 
encoding the large subunit of the RNR enzyme, indicating genetic 
interactions among the RNR genes. RNR2 and RNR4 may be present in the 
same reductase complex in vivo, since they coimmunoprecipitate from cell 
extracts. Like the other RNR genes, RNR4 is inducible by DNA-damaging 
agents through the same signal transduction pathway involving MEC1, RAD53, 
and DUN1 kinase genes. Analysis of DNA damage inducibility of RNR2 and 
RNR4 revealed partial inducibility in dunl mutants, indicating a 
DUNl-independent branch of the transcriptional response to DNA damage. 

L38 ANSWER 6 OF 29 MEDLINE on STN 

ACCESSION NUMBER: 97347514 MEDLINE 
DOCUMENT NUMBER: PubMed ID: 9202020 

TITLE: Thioredoxin reductase-dependent inhibition of MCB cell 

cycle box activity in Saccharomyces cerevisiae. 
AUTHOR: Machado A K; Morgan B A; Merrill G F 

CORPORATE SOURCE: Department of Biochemistry and Biophysics and Center for 

Gene Research and Biotechnology, Oregon State University, 
Corvallis, Oregon 97331, USA. 

SOURCE: Journal of biological chemistry, (1997 Jul 4) 272 (27) 

17045-54 . 

Journal code: 2985121R. ISSN: 0021-9258. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199707 

ENTRY DATE: Entered STN: 19970812 

Last Updated on STN: 20020420 

Entered Medline: 19970731 
AB Mlul cell cycle box (MCB) elements are found near the start site of yeast 
g enes expressed at Gl/S. Basal promoters dependent on the elements for 
upstream activating sequence activity are inactive in Deltaswi6 
yeast. Yeast were screened for mutations that activated MCB reporter 
genes in the absence of Swi6. The mutations identified a single 
complementation group. Functional cloning revealed the mutations were 
alleles of the TRR1 gene encoding thioredoxin reductase. 
Although deletion of TRR1 activated MCB reporter genes, high copy 
expression did not suppress reporter gene activity. The trrl 
mutations strongly (20-fold) stimulated MCB- and SCB (Swi4/Swi6 cell cycle 
box) -containing reporter genes, but also weakly (3-fold) stimulated 
reporter genes that lacked these elements. The trrl mutations did not 
affect the level or periodicity of three endogenous MCB gene 
mRNAs (TMP1, RNR1, and SWI4) . Deletion of thioredoxin genes 
TRX1 and TRX2 recapitulated the stimulatory effect of trrl mutations on 
MCB reporter gene activity. Conditions expected to oxidize 
thioredoxin (exposure to H202) induced MCB gene expression, 
whereas conditions expected to conserve thioredoxin (exposure to 
hydroxyurea) inhibited MCB gene expression. The results suggest 
that thioredoxin oxidation contributes to MCB element activation and 
suggest a link between thioredoxin-oxidizing processes such as 
ribonucleotide reduction and cell cycle-specific gene 
transcription . 
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A multicopy suppressor gene which rescues the 

temperature-sensitive growth defect of Saccharomyces cerevisiae 
mutants in the mitochondrial DNA (mtDNA) polymerase-encoding MIP1 
gene has been isolated and identified as the RNR1 
gene. This gene, whose transcript is cell 

cycle-regulated and mainly expressed at the Gl to S phase transition, 
encodes the large subunit of ribonucleotide reductase. This enzyme 
catalyses a limiting step in the production of deoxynucleotides needed for 
DNA synthesis. The presence of a high copy number of the RNR1 
gene also decreases the accumulation of rho- mutants observed in 
diploids that harbour a single copy of the MIP1 gene. In cell 
cycle-synchronised cells, the presence of a high copy number of 
RNR1 does not modify its cell cycle transcription regulation and 
increases its transcript level by a factor of 10 throughout the cell 
cycle. Our results show that an increased supply of dNTPs in mitochondria 
can stimulate the mtDNA polymerase activity and indicate that the dNTP 
concentration may be rate limiting for the replication of mtDNA. 
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The DNA repair genes RAD54 and UNG1 have MCB elements in their promoters 
and are shown to be cell cycle regulated. Their transcripts are 
coordinately expressed with RNR1, ribonucleotide reductase, a 
MCB-regulated gene known to be expressed in late Gl . However, 
no evidence was obtained for a direct role of MCB elements in DNA repair. 
Of the proteins that bind and activate MCB elements, only mutations in 
SWI6 have a defect in DNA repair, showing significant sensitivity to 
methyl methane sulphonate. Furthermore, analysis of the CDC9 promoter 
indicates that MCB elements are not required for the induction of the 
gene by ultraviolet light irradiation. These promoter elements 
may not respond directly to DNA damage but may have a role in enhancing 
the induction response. 
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establishment of transcriptional silencing in Saccharomyces 
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Previous studies have indicated that mutation of RAP1 (rapls) or of the 
HMR-E silencer ARS consensus element leads to metastable repression of 
HMR. A number of extragenic suppressor mutations (sds, suppressors of 
defective silencing) that increase the fraction of repressed cells in 
rapls hmr delta A strains have been identified. Here we report the 
cloning of three SDS genes. SDS11 is identical to SWI6, a transcriptional 
regulator of genes required for DNA replication and of cyclin genes. ; 
SDS12 is identical to RNR1, which encodes a subunit of 

ribonucleotide reductase. SDS15 is identical to CIN8, whose product is 
required for spindle formation. We propose that mutations in these genes 
improve the establishment of silencing by interfering with normal cell 
cycle progression. In support of this idea, we show that exposure to 
hydroxyurea, which increases the length of S phase, also restores 
silencing in rapls hmr delta A strains. Mutations in different cyclin 
genes (CLN3, CLB5, and CLB2) and two cell cycle transcriptional regulators 
(SWI4 and MBP1) also suppress the silencing defect at HMR. The effect of 
these cell cycle regulators is not specific to the rapls or hmr delta A 
mutation, since swi6, swi4, and clb5 mutations also suppress mutations in 
SIR1, another gene implicated in the establishment of silencing. 
Several mutations also improve the efficiency of telomeric silencing in 
wild-type strains, further demonstrating that disturbance of the cell 
cycle has a general effect on position effect repression in Saccharomyces 
cerevisiae. We suggest several possible models to explain this 
phenomenon . 



L38 ANSWER 10 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR: 

CORPORATE SOURCE: 

CONTRACT NUMBER: 
SOURCE: 



PUB. COUNTRY: 
DOCUMENT TYPE: 



LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



29 MEDLINE on STN 

95194366 MEDLINE 
PubMed ID: 1365898 

DNA synthesis control in yeast: an evolutionarily conserved 
mechanism for regulating DNA synthesis genes?. 
Merrill G F; Morgan B A; Lowndes N F; Johnston L H 
Department of Biochemistry and Biophysics, Oregon State 
University, Corvallis 97331. 
GM24432 (NIGMS) 

BioEssays : news and reviews in molecular, cellular and 
developmental biology, (1992 Dec) 14 (12) 823-30. Ref: 44 
Journal code: 8510851. ISSN: 0265-9247. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 
(REVIEW, TUTORIAL) 
English 

Priority Journals 
199504 

Entered STN: 19950425 

Last Updated on STN: 19950425 



L10 ANSWER 1 OF 1 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation on STN 
ACCESSION NUMBER: 1998:86695 BIOSIS 
DOCUMENT NUMBER: PREV1 9980008 6695 

TITLE: Two complementary bioassays for screening the estrogenic 

potency of xenobiotics: Recombinant yeast for 
trout estrogen receptor and trout hepatocyte cultures. 

AUTHOR(S): Petit, F . ; Le Goff, P.; Cravedi, J. -P.; Valotaire, Y.; 

Pakdel, F. [Reprint author] 

CORPORATE SOURCE: Equipe Endocrinologie Moleculaire Reproduction, Univ. 

Rennes I, 35042 Rennes Cedex, France 

SOURCE: Journal of Molecular Endocrinology, (Dec, 1997) Vol. 19, 

No. 3, pp. 321-335. print. 
CODEN: JMLEEI. ISSN: 0952-5041. 

DOCUMENT TYPE: Article 

LANGUAGE: English 

ENTRY DATE: Entered STN: 24 Feb 1998 

Last Updated on STN: 24 Feb 1998 

AB A relation between the chemical structure of a xenobiotic and its 

steroidal action has not yet been clearly established. Thus, it is not 
possible to define the estrogenic potency of different xenobiotics. An 
assessment may be accomplished by the use of different bioassays. We have 
previously developed a yeast system highly and stably expressing 
rainbow trout estrogen receptor (rtER) in order to analyze the biological 
activity of the receptor. The recombinant yeast system appears 
to be a reliable, rapid and sensitive bioassay for the screening and 
determination of the direct interaction between ER and estrogenic 
compounds. This system was used in parallel with a more elaborate 
biological system, trout hepatocyte aggregate cultures, to examine the 
estrogenic potency of a wide spectrum of chemicals commonly found in the 
environment. In hepatocyte cultures, the vitellogenin gene whose 
expression is principally dependent upon estradiol was used as a 
biomarker. Moreover, competitive binding assays were performed to 
determine direct interaction between rtER and xenobiotics. In our study, 
50% of the 49 chemical compounds tested exhibited estrogenic activity in 
the two bioassays: the herbicide diclof op-methyl ; the fungicides biphenyl, 
dodemorph, and triadimefon; the insecticides lindane, methyl parathion, 
chlordecone, dieldrin, and endosulfan; polychlor inated biphenyl mixtures; 
the plasticizers or detergents alkylphenols and phthalates; and 
phytoestrogens. To investigate further biphenyl estrogenic activity, Its 
principal metabolites were also tested in both bioassays. Among these 
estrogenic compounds, 70% were able to activate rtER in yeast 
and hepatocytes with variable induction levels according to the system. 
Nevertheless, 30% of these estrogenic compounds exhibited estrogenic 
activity in only one of the bioassays, suggesting the implication of 
metabolites or different pathways in the activation of gene transcription. 
This paper shows that it is important to combine in vivo bioassays with in 
vitro approaches to elucidate the mechanism of xenoestrogen actions. 
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Entered Medline: 19950411 
After yeast cells commit to the cell cycle in a process called START, 
genes required for DNA synthesis are expressed in late Gl. Periodicity is 
mediated by a hexameric sequence, known as a MCB element, 
present in all DNA synthesis gene promoters. A complex that 
specifically binds MCBs has been identified. One polypeptide in the MCB 
complex is Swi6, a transcription factor that together with Swi4 also binds 
Gl cyclin promoters and participates in a positive feedback loop at START. 
The finding that Swi6 is directly involved in both START and DNA synthesis 
gene control suggest a model in which Swi6, activated through its 
participation in START, serves as the central transcription factor in 
coordinating late Gl gene expression. The mechanism may be 
conserved in all eukaryotic cells. 
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AB Ethionine is 
methionine . 
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the toxic S-ethyl analog of the essential amino acid 
Whereas in prokaryotes the ethionine just competes with the 
methionine, in eukaryotes it can also be transformed into S-adenosyl- 
ethionine (Ado-Eth) , competing with the S-adenosyl-methionine (Ado-Met). 
When the Ado-Met synthetase activity was studied in strains defective in 
either of the two isoenzymes, the one coded by the SAM1 
gene was totally unable to convert ethionine into Ado-Eth and was 
inhibited by the analog, whereas the enzyme coded by the SAM2 
gene was able to bind ethionine and was not inhibited by it. This 
has allowed the development of a procedure to measure Ado-Met synthetase 
and differentiate between the two isoenzymes present in Saccharomyces 
cerevisiae . 
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We have cloned GAM 2 , which is required for transcription of STA1, a 
gene encoding an extracellular glucoamylase in Saccharomyces 
cerevisiae var. diastaticus. DNA sequence analysis 
revealed that GAM 2 is the same gene as SIN5, known to be a 
general negative regulator of yeast genes. RNA blot analysis 
indicated that GAM2/SIN3 also acts as a positive regulator of GAM3/ADR6, 
which in turn is required for transcription of STA1 and ADN2 . These 
results suggest that SAM2 regulates STA1 expression through 
transcriptional activation of GAM 3 and indicate that GAM2/SIN3 protein is 
a transcriptional regulator that can play a role in both activation and 
repression of transcription. 
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TITLE: Interaction between the MECl-dependent DNA synthesis 

checkpoint and Gl cyclin function in Saccharomyces 
cerevisiae. 
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The completion of DNA synthesis in yeast is monitored by a checkpoint that 
requires MEC1 and RAD53. Here we show that deletion of the Saccharomyces 
cereuisiae Gl cyclins CLN1 and CLN2 suppressed the essential requirement 
for MEC1 function. Wild-type levels of CLN1 and CLN2, or overexpression 
of CLN1, CLN2, or CLB5, but not CLN3, killed mecl strains. We identified 
RNR1, which encodes a subunit of ribonucleotide reductase, as a 
high-copy suppressor of the lethality of mecl GAL1-CLN1. Northern 
analysis demonstrated that RNR1 expression is reduced by CLN1 or 
CLN2 overexpression. Because limiting RNR1 expression would be 
expected to decrease dNTP pools, CLN1 and CLN2 may cause lethality in mecl 
strains by causing initiation of DNA replication with inadequate dNTPs. 
In contrast to mecl mutants, MEC1 strains with low dNTPs would be able to 
delay S phase and thereby remain viable. We propose that the essential 
function for MEC1 may be the same as its checkpoint function during 
hydroxyurea treatment, namely, to slow S phase when nucleotides are 
limiting. In a clnl cln2 background, a prolonged period of expression of 
genes turned on at the Gl-S border, such as RNR1, has been 
observed. Thus deletion of CLN1 and CLN2 could function similarly to 
overexpression of RNR1 in suppressing mecl lethality. 
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We have developed a system for analyzing recombination between a DNA 
fragment released in the nucleus from a single-copy plasmid and a genomic 
target in order to determine the influence of DNA sequence 
mismatches on the frequency of gene replacement in Saccharomyces 
cerevisiae. Mismatching was shown to be a potent barrier to 
efficient gene replacement, but its effect was considerably 
ameliorated by the presence of DNA sequences that are identical to the 
genomic target at one end of a chimeric DNA fragment. Disruption of the 
mismatch repair gene MSH2 greatly reduces but does not eliminate 
the barrier to recombination between mismatched DNA fragment and genomic 
target sequences, indicating that the inhibition of gene 
replacement with mismatched sequences is at least partially under the 
control of mismatch repair. We also found that mismatched sequences 
inhibited recombination between a DNA fragment and the genome only when 
they were close to the edge of the fragment. Together these data indicate 
that while mismatches can destabilize the relationship between a DNA 
fragment and a genomic target sequence, they will only do so if 
they are likely to be in the heteroduplex formed between the recombining 
molecules . 
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The gene for ethionine resistance was isolated, and its 

phenotypic characteristics were investigated. The cells transformed with 
this gene showed strong resistance to DL-ethionine, and 

S-adenosylmethionine (SAM) was remarkably accumulated within the cells. 
Judging from the restriction map of this gene, it suggests that 
the gene is not the gene SAM1 but 
SAM2. 
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